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ABSTRACT

The objective of this thesis is to estimate Inter-
Depl oyment Training Cycle (I1DTC) performances of US Pacific
Fl eet surface ships, which are evaluated at the end of the
Basi ¢ Training Phase, by using Conmand Metrics Tool (COVET)
metrics. The objective was primarily to deci de whether the
COMET dat abase can be used to estimate the performances of
ships, and to build regression nodels to estimte Final
Eval uati on Probl em (FEP) performances of ships.

This study develops mnultivariate Jlogit regression
nodels to examine and explore the structure of the data
sets. Most of the nodels devel oped according to statistica
criteria include only the intercept, indicating that there
is no real relationship between the COVET netrics and |DTC
performances. The assessnents nade at the end of FEP are
not good Measure of Performances (MOPs) by which to assess
shi ps’ |1 DTC performances.
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EXECUTI VE SUMVARY

It is inmportant for the US Navy to nmke its ships
ready for battle and deploynent in a short period of tinmne.
After finishing their deploynent, ships undergo an Inter-
Depl oynment Training Cycle (IDTC), the aim of which is to
make ships ready for their next deploynent.

If areas that mght make the ship fail the Final
Eval uation Problem (FEP) in the Basic Training Phase could
be determ ned before the FEP takes place, the ship would
concentrate on these areas before encountering problens. As
a result, this wuld increase a ship's probability of
passi ng the FEP

The Conmmand Metrics Tools (COMET) is a new database
that hol ds ships’ neasured effectiveness in various fields.
Data collection started for all Pacific Fleet ships on 01
Septenber 2001 and for all Atlantic Fleet ships on 01 My
2002. Metrics in the COVET database are updat ed
periodically. In the study, the COVET netrics are used as

i ndependent vari abl es.

At the end of the Basic Training Phase, ships are
assessed during FEP according to mssion areas defined in
COWNAVSURFORI NST 3502.1A (2003). Each mnmission area has
certifications to be met. In the study, the proportion of
certifications met for each warfare and mssion area,
representing the performance of a ship at FEP, was defined

to be the response vari abl e.

A total of 21 response variables (mssion areas
defined i n COMNAVSURFORI NST 3502. 1A (2003)) and 44

XV



i ndependent variables (COVET netrics tracked in COVET) were
used to build regression nodels. There were 51 ships in the

dat a.

A logistic regression nodel was utilized to explain
and explore the effect of the predictor variables on each
FEP performance neasurenment. At the end of the study, it
was seen that nost of the response variables were nodel ed
only by the intercept, indicating that the predictor
vari abl es are generally not very hel pful for predicting the

response vari abl es.
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. 1 NTRODUCTI ON

A BACKGROUND

Aircraft carriers and cruisers deploy overseas for
six-nmonth periods. A typical battle group consists of one
carrier, two assigned Aegis cruisers, a destroyer squadron
(four destroyers and frigates), two submarines and an
oi | er/repl eni shment ship.

Each operating battle group typically conpletes a
recurring cycle of events that culmnates each tinme in
deploynment to the Fifth, Sixth or Seventh Fleet. After
depl oynment, the Inter-Deploynent Training Cycle (1DTQ
normal Iy begins when the ship is transiting to its honmeport
from overseas deploynent. After a |eave and upkeep period
followed by local at-sea operations, the ship undergoes a
pl anned depot-Ilevel maintenance availability, during which
the mpjority of inter-deploynent repairs and equipnent
upgrades occur. Upon returning to sea the ship works up for
its next deploynment by conpleting a series of training
exerci ses and events which increase steadily in conplexity

as the crew s operating proficiency increases.

The pre-deploynent aspects of the |IDIC are divided
into three principal phases: basic, internediate and
advanced. COVWNAVSURFORI NST 3502.1A (2003) describes these

phases as foll ows:
1. Basi ¢ Traini ng Phase

The Type Commanders (TYCOVs) are responsible for the
conduct of Basic Phase Training. The focus is on unit-1|evel
trai ning enphasizing basic command and control, weapons

enpl oynent , mobi lity (navi gati on, seanmanshi p, damage

1



control, engineering, and flight operations) and warfare
specialty fol |l owi ng over haul or naj or mai nt enance
avai lability and before Change of Command (CHOP) to the
fleet commander. The basic training consists of Comand
Assessnent of Readiness and Training Il (CART 11), the
Tailored Ship’s Training Assessnent (TSTA), Under way
Denonstration (UD), and the Final Evaluation Problem (FEP).

2. | nt er medi at e Trai ni ng Phase

The Nunbered Fleet Comranders are responsible for the
conduct of internediate phase training. The focus in this
phase is on warfare team training and initial and nulti-
unit operations wunder the traditional Conposite Warfare
Commander (CWC) concept or a nodified concept of joint
operations. During this phase, ships begin to develop
warfare skills in coordination wth other wunits while
continuing to maintain unit proficiency. The internediate
training phase consists of Mirine Expeditionary Force
Exercise (MEFEX) and Conposite Unit Training Exercise
( COWPUTEX) .

3. Advanced Trai ni ng Phase

The focus of the advanced training, also under the
nunbered fleet conmander, is to continue to develop and
refine integrated group warfare skills and comand and
control procedures needed to neet the supported Commander
In Chief’s (CINC) specific mssion requirenments. The
advanced training phase consists of the Joint Task Force
Exerci se (JTFEX).

The FEP is the third command assessnment conducted by
the Immediate Superior in Command (ISIC) and assisted by
the Afloat Training Goup (AFT) that determnes a unit’s

2



readiness to proceed to the internediate and advanced
phases of the IDTC. The FEP is conducted subsequent to the
TSTA and is intended to denonstrate the ship's availability
to conduct nultiple sinmultaneous conbat mssions and
support functions and to survive conplex casualty contro

situations under stressful condi ti ons, as well as
denonstrate a capability to deploy. Table 1 is a pictorial

representation of pre-deploynent phases of the [|DTC
( COWNAVSURFORI NST 3502. 1A, 2003).

BASI C I NTERVEDI ATE ADVANCED
CART |1 MEFEX JFTEX
TSTA COMPUTEX
uD
FEP
Tabl e 1. Pr e- Depl oynent Phases of The |DTC

By the conpletion of FEP, a ship needs to show that
she is “surge ready,” neaning that she is ready to nove to
internmedi ate and advanced training phases. This al so neans
that she is immedi ately deployable as a unit for single
operations or under the command of a nunbered fleet

comrander .

COWNAVSURFORI NST 3502. 1A (2003) defines 21 different
warfare and mssion areas and their standards upon which
the assessnments of 1SIC and AFT will be based. Each warfare
and m ssion area has criteria that nmust be net by ships to
be qualified in that specific area. Sone areas do not apply
to sonme classes of ships depending on the ships’ m ssion.
Table 2 provides the list of the required certifications
listed by ship class (COWAVSURFORI NST 3502. 1A, 2003).



SHI P CLASS
ATATATA[CID[D[F[L[L[L]L[L[L[L[M][M
G|O|O|R|G|D|D|F|C|H|H|P|P|S|S|C|H

REQUI RED BAS|I C PHASE FIE|E|[S|4|9|G|G|C|A|D|D|D|D|D|M|C
CERTI FI CATI ONS M S E DA I

/

4

9
AVI ATI ON XX XX X]|X[X[X]|X]|X]X]|X X | X
AVPHI Bl OUS WARFARE X | X|X X | X
AT/ FP XX [X|IX|X[X[X[X]|X]|X]X]|X X | X|X
Al R WARFARE X | X|X XXX [X|X]|X]|X]X X | X
COVMUNI CATI ONS XX | XX | X|X|X|X|X|X]|X]|X X | X|X
CRYPTOLOGYL X X|X|X|X X | X
ELECTRONI C WARFARE X | X|X X|X[X|X]|X[|X]X]|X X | X
VEDI CAL XX [X|IX|X|X[X[X]|X]|X]X]|X X | X|X
DI VI NG AND SALVAGE X
| NTELLI GENCE XX | X[ X|X|X|X|X|X|X]|X]|X X | X|X
COVBAT LOG STI CS X | X X | X
M NE WARFARE X | X
DAVAGE CONTROL XX [X|IX|X|X[X[X]|X]|X]X]|X X | X|X]|X
ENG NEERI NG XX | X[ X|X|X|X|X|X|X]|X]|X X | X|X]|X
NAVI GATI ON XX [X|IX|X|X[X[X]|X]|X]X]|X X | X|X]|X
SEAVANSHI P XX | X[ X|X|X|X|X|X|X]|X]|X X | X[ X|X
STRI KE WARFAREZ X | X|X
SURFACE WARFARE XX | X[ X|X|X|X|X|X|X]|X]|X X | X|X
UNDERSEA WARFARE X | X|X|X
VBSS X | X|X]|X X X | X
3M XXX XXX [X[X]|X]|X]X]|X X | X|X
Tabl e 2. Required Certifications Listed By Ship C ass

1 Not applicable to Flight (FL) | DDGs
2 Vertical Launching System (VLS) ships only
4



The nunber of certifications met for each warfare and
m ssion area at FEP, according to the criteria defined in
t he COWNAVSURFORI NST 3502. 1A (2003), represents the ship’'s
performance in that specific area. The average nunber of
certifications met at FEP provides an assessnent of the

ship’ s overall perfornmance at FEP

B. OBJECTI VES

The purpose of this thesis is to find estimtors of
performance of surface ships at Final Evaluation Problem
(FEP). If areas that mght nmake the ship fail the FEP in
t he Basic Training Phase could be determ ned before the FEP
takes place, the ship could concentrate on those areas
before encountering problens. As a result, this could

increase a ship’s probability of passing the FEP

The COMET netrics were intended to be wused for
estimation. The COVET is a snapshot of a ship’s neasured
effectiveness in wvarious fields. Therefore, the main
guestion becane: “Can we find estimators anong the COVET

metrics to predict | DTC performances of ships?”

C. SCOPE, LI M TATI ONS AND ASSUMPTI ONS

The COVET originally was inplenmented on Pacific Fleet
surface ships on 01 Septenber 2001 and inplenmented on
Atlantic Fleet surface ships on 01 May 2002. Being a new
database, it has many mssing values in it. Because of
t hese m ssing values, sone netrics could not be included in

t he anal ysis as predictors.

The netrics in the COVET database are updated
periodically (http://extra.cnsp.navy.ml). Therefore, anong
t hose val ues which were taken prior to the FEP, the val ues

5



taken closest to the FEP dates were used in this analysis.
The dat abase of the FEP dates of the ships includes only 51
ships. Wth this nunber the analysis is possible; however

nore data points wuld give results wth smaller

variability.

As nentioned before, sone warfare and m ssion areas
apply to only specific classes of ships. Therefore, this
analysis could not be perforned for some mssion and

warfare areas in which too few ships underwent FEP of that

t ype.

D. COURSE OF THE STUDY

This thesis is conprised of four chapters. Chapter |II
describes the data set and variable selection. The
statistical nodels and techniques used in the analysis are
al so explained in this chapter. Chapter |1l focuses on the
logit regression analysis. Chapter |V summarizes the
conclusions of the analysis and presents recommendations

for further study.



1. DATA AND METHODOLOGY

A VARl ABLE SELECTI ON

1. Dependent Vari abl es

In this study, the dependent variables are the FEP
performances of ships. At the end of the Basic Training
Phase, ships are assessed during FEP according to warfare

and mission areas listed in Table 2 and defined in
COWAVSURFORI NST 3502. 1A (2003). Each warfare and m ssion
area has certifications to be net. In the analysis, the

proportion of certifications net for each m ssion area was
used as the response variable, representing the perfornmance
of a ship in that specific area at FEP. The tota
performance of a ship was defined to be the proportion of
certifications met for all areas at FEP. The AFT, which
assists ISIC to conduct the FEP assessnent, keeps track of
these data. The data used in the analysis were provided by
AFT Pacific and consist of 51 assessnents nmade between 15
March 2002 and 15 July 2003.

The Diving and Salvage Mssion Area could not be
nodel ed because this area was added to the new version of
the Training Manual (COVWNAVSURFORI NST 3502. 1A, 2003), and

data for this area were not avail abl e.

There were only two ships to which the Mne Varfare
M ssion Area applied. Due to the lack of data for this
area, this variable could not be nodel ed.

2. | ndependent Vari abl es
In the study, the COVET metrics were used to represent
i ndependent variables. The COMET is a new database that

keeps ships’ neasured effectiveness in various fields,
7



which was inplenented on Pacific Fleet surface ships on
01 Septenber 2001 and for Atlantic Fleet surface ships on
01 May 2002. Metrics in the COVET database can be reached
from Conmander Naval Surface Force, Pacific Fleet web page
(http://extra.cnsp.navy.ml), and are updat ed onli ne
periodically at the ship level. Each netric has different

periodicity. Areas currently tracked in the COVET database

are:
a. Per sonnel
b. Legal
C. Dent al
d. Medi cal
e. Safety
f. Suppl y
g. Mai nt enance and engi neering
h. I nformati on resources and conbat systens

i Trai ni ng and readi ness
] - War f are readi ness

K. M scel | aneous ( Shi p- gat her ed dat a)
(http://extra.cnsp.navy. ml).

Sone of the netrics were excluded because they were
considered to be irrelevant to the analysis. Sonme netrics
were also excluded because they had nmany m ssing val ues.
The independent variables and their descriptions are |isted
i n Appendi x A



B. METHODCOL OGY

1. Logit Regression

The goal of any regression analysis is to find the
best fitting and nobst parsinonious and reasonabl e nodel by
which to describe the relationship between an outcone
(dependent or response) variable and a set of explanatory
(i ndependent or predictor) variables (Hamlton, 1992).
Li near regression nodels are appropriate for rmeasurenent
response vari abl es. However, many research questions,
especially in social and nedical science, involve trying to
predict whether sonething wll happen. These kinds of
guestions involve two-category (dichotonous) variables,
whi ch describe whether something will happen or wll not
happen. What distinguishes logistic regression nodels from
linear regression nodel is that |ogistic regression handles

di chot onous response vari abl es.

In order to define the relationship between two
measurenent variables X and Y, we use mathematical nodel s

One sinple relationship <can be expressed as |inear

relationship: Y=46,+8X. In this equation S, represents the

Y intercept and f, represents the slope. According to this
equation X is the predictor of Y. However, nor e
realistically in data analysis, we should only claim that
the expected value of Y given X changes linearly with X

whi ch can be expressed as follows : E[Y|X]=46,+BX. In this

case, [, equals the nmean of Y when X = 0. Since all nodels

are constructed over sone assunptions, there is an error
enbedded in them This error is the difference between the

expected val ue and the observed val ue:



E=Y-B,-BX
(2.1)
=Y -E[Y|X]

Therefore, the actual Y can be expressed as the sum of the

expected value and error term

Y=E[Y|X]+¢
(2.2)
=B tBX +e

In logistic regression nodels, the response variable
i s bounded inside (0, 1). In order to nodel an outconme wth
this property, the logit function is utilized:

I(x)=log, [f}%} (2.3)

In this equation, logits range from —-o to +c while
P(x) ranges fromO to 1.

Logit regression nodels can be expressed as foll ows:

(X)=B+BX, +BX, +ueeeo.... +B_X,,., (2. 4)

In this nodel, [/(x) is a continuous |inear function of
predictor variables (X)), while P(kx) 1is a continuous
nonli near function with an S-shape. P(x) approaches, but

never reaches, the boundaries of 0 and 1
Predicted probabilities can be conputed by inverting

the logit function:

1

P ve™

(2.5)

Logit regression nodels have many of the desirable
properties of linear regression nodels. The nost inportant
one is the linear relationship between the logits (/(x)) and

the predictor variables (X).
10



Al t hough estimation strategies di ffer, | ogit
regression requires sonme of the sane assunptions as |inear
regression nodels. Ham [ton  (1992) enunerates these
assunptions as foll ows:

1. The nodel is specified correctly. For logit

regression this mnmeans that true conditiona

probabilities are a logistic function (or, logits

are a linear function) of the X variables. No

i mport ant vari abl es are omtted, and no

extraneous variables are included. X variables
are neasured wi thout error.

2. The cases are independent.

3. None of the X variables are |inear functions

of the others. Perfect nulticollinearity nakes

estimation inpossible; strong multicollinearity

nmakes estinates inprecise. (Ham | t on, 1992,

p. 225)

These assunptions nmust be checked in order to validate
the nodel. According to Hamlton (1992), i f t hese
conditions are net, maximum |ikelihood estinates of the
logit paraneters should theoretically have the desirable
properties of approximte unbiasedness, efficiency, and
normality, in sufficiently |arge sanples.

In this study, response variables are the proportions
of certifications net for each warfare area. Since the
response variables are restricted to [O0,1], | ogit
regression was utilized, enabling prediction of the

response variabl es without violating the boundaries.

2. St epwi se Regr essi on and Akai ke | nf ormati on
Criterion (Al QO

One of the biggest challenges in multiple regression
analysis is to decide which predictors are strong
predictors of the response variable. Especially after

including the interactions anong predictors into the nodel,
11



the set of predictors can becone huge, and therefore, the

chal l enge is harder to neet.

Stepwi se search helps to overcone this chall enge.
“Stepwi se regression” is a way of perfornmng an automated
stepwi se search procedure. There are two techni ques used in
this procedure (Hamlton, 1992, p.83):

a. Forward | ncl usi on

The nodel starts with no predictors in it. At
each step, the predictor whose addition inproves the nodel
nost with respect to the criterion is added to the nodel.

b. Backward Elim nation

The nodel starts with all predictors included in
it. The predictor whose deletion inproves the nodel wth

respect to the criterion is renoved at each step.

The Akaike Information Criterion (AIC) is a
stepwi se search criterion developed to be wutilized in
stepwi se regression. The AIC can be expressed as follows
(Venabl es & Ri pl ey, 2002, p.174):

AIC==-2.1(B,X)+2.p (2.6)
where (B, X) represents the maximized log Iikelihood
function and p represents the nunber of paraneters in the
nodel. B is the pxI regression paranmeter vector and X is

the nxp design matrix.

In stepw se regression, the predictors whose
addition will decrease the AIC nost, and the predictor
whose deletion wll decrease the AIC nost, are found, and
the step producing the largest decrease is taken. If no
step can decrease the AIC, the procedure halts. As can be
seen from Equation 2.6, the AIC criterion |ooks for a good

fit, while inposing a penalty on the nunber of variables in

12



the nodel. This enables the stepwi se search technique to
find a good-fitting and parsinmoni ous nodel which, while not
necessarily optinmal, describes the relationship between the

predi ctor variabl es and response vari abl e.

13
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[11. ANALYSI S

A PRELI M NARY DATA ANALYSI S

One of the assunptions of logit regression nodels is
that none of the predictors is a linear conbination of the
others. Collinearity refers to a Ilinear relationship
between two predictor variables while a linear relationship
anong t hree or nor e predictors IS defined as
multicollinearity. In the presence of perfect collinearity
or nmulticollinearity it is not possible to determne the
effect of a predictor on the response variable. Excluding
one of these variables wll entail no |oss because a
perfect relationship inplies perfect redundancy (Hamlton
1992).

In order to detect the linear relationships anong
predictors, correlations anong predictors and a scatter
plot matrix were examned. A relationship was defined as
significant when a correlation coefficient was observed to

be greater than 0.6 or less than -0.6 (p,,> 0.6 and

Pxx,< -0.6). Si gni ficant l'i near rel ati onships anong

predictors for sanple size of 51 are as foll ows:

Predictor Pair Correl ati on Coefficient
wei g. mai n. met — Op. factor 0. 847
mai n.netric - backl og -0.623
repairs.2M — cost. avo. 2M 0. 699

Tabl e 3. Significant Linear Rel ationships Anong Predictors

15



Figure 1 is a scatter plot of Wighted Mintenance
Metric versus Qperational Factor. The scatter plot figure
indicates a positive linear relationship between these two

predictors which is also quantified by the correlation

coefficient ( p,, =0.847). This positive linear relationship

can be explained by the fact that Wighted Mintenance
Metric is calculated as the product of Operational Factor
and Mai ntenance Metric. Therefore big Wighted Mintenance

Metric values occur with big Operational Factor val ues.
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Figure 1. Scatter Plot of Operational Factor vs. Wi ghted

Mai nt enance Metric

Figure 2 is a scatter plot of Backlog versus
Mai nt enance WMetric. Miintenance Metric is calculated as

fol | ows:
Maintenance Metric :é(X +Y +Z +W +Q) (2.7)

where X is the Backlog Ratio, Y is the Self Sufficiency

Ratio, Zis the T/A 4 Jobs O der Than Three Mnths Ratio, W
16



is the Ship's Force and AIMD Costs Ratio, and Qis the Mean
Total Tine to Correct Ratio.

Cal culation of Backlog Ratio varies depending on
whet her the Backlog is above the Backlog average for the
ship’s class or belowit. If the Backlog is above the class

average, then

Backlog Ratio = Backlog (2.8)
Class Backlog Average
I f not, then
Backlog Ratio = Class Backlog Average (_1) p (2.9)
Backlog

Both of these equations yield positive Backlog Ratios
and they both decrease when Backlog increases. Backlog
Ratio is one of the additive terms in Mintenance Metric
formula, for which, a small Backlog Ratio is associated

with a small M ntenance Metric val ue.

The correlation coefficient suggests a negative |inear

relationship between these two variables ( p,, =-0.623).

However, the scatter plot suggests that this relationship

i s nonlinear.

17



Figure 2.

Repai

i near

( Pyx,=0.699).
such as a transistor,
onboard
expl ai ned by
repairing a 2M part
parts are repaired onboard a ship,

Mai nt enance Metric

0.8

0.6

Scatter

100 300 500

Backl og

Pl ot of Backl og vs.

Figure 3 represents the scatter

rs vs.

nost
t he

surface

f act

Cost Avoi dance 2M The pl ot

relationship

A 2M part

bet ween

di ode and a
ships. This

that a 2M
onboard a ship.

18

t hese

resistor

nmore 2M cost

700 900

Mai nt enance Metric

pl ot of Nunber of

t wo predicto

whi ch
rel ati onship

is us
can
avoi ded

cost is

Therefore, when no

is avoi ded

2M

suggests a positive

rs

is a Mniature/Mcrom niature part

ed
be
by
re



120000

80000

Cost Avoi dance 2M

40000 | ° © o ©

0 10 20 30 40
# of 2M Repairs

Figure 3. Scatter Plot of # of 2M Repairs vs. Cost
Avoi dance 2M

The nulticollinearity analysis showed that there are
only three significant multicollinearities anong the
predi ctor variables. Therefore, it can be expected that

estimation should not be affected by rmulticollinearity.

B. MULTI VARI ATE ANALYSI S

Mul tivariate nodel i ng anal yzes t he effects of
i ndi vi dual independent variables on the response variable
while holding the effects of other variables constant.
Response variables in the analysis were the proportions of
certifications net for all warfare and mssion areas and
the total proportion of certifications net for all warfare
and mssion areas. Since the response variables had val ues
between [0, 1], multivariate |ogistic regression techni ques
were used in the anal ysis.
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The software package S-Plus® 6.1 was wused to build
logistic regression nodels. A stepwise nodel selection
procedure with the AIC criterion was used to determ ne
which predictor variables and two-way interactions were
significant in estimating the response variables. Because
we sought parsinonious nodels, the forward inclusion
techni que was used in stepw se regression. After devel opi ng
t he nodel s, diagnostics were checked and influence analysis
was perforned. Table 5 summarizes the regression nodels
built to estimate response vari abl es.

5§§rggfg CCEFFI Cl ENT VALUE é:;éR t VALUE REEbP'
Avi ation i ntercept 18. 249 13. 691 1.332 » 670
E4. adv -0.184 0. 163 -1.131
Anph. Warf. i nt ercept 1.677 0. 792 2.116 2.800
i ntercept 35. 611 15. 859 2.245
Anti-terror. TA4. 3 -0. 048 0.024 -1.692
Force _ MITT -0. 020 0. 009 -2.101 10. 993
Protections E4. adv -0.054| 0.033| -1.650
net. effect -0.073 0. 046 -1.589
Air Warfare i nt ercept 2. 365 0. 504 4.685 7.747
Conms. i ntercept 3.725 0.923 4.032 4. 297
Crypt. i ntercept 3. 244 1. 097 2. 957 3. 488
EW i ntercept 3.038 0.670 4.532 8. 256
Vedi cal i ntercept 69. 909 80. 661 0. 866 0. 052
dental . health -1.017 1.199 -0. 848
Intelligence i ntercept 9.071 4.534 2. 000 7 209
gross. ef fect -0.087 0. 061 -1. 427
Conbat Logi s. i nt ercept 3.178 2.282 1.392 0.678
Danmage Control |intercept 2.968 0. 655 4.525 7.149
Engi neering i nt ercept 4,274 1.203 3.551 4.219
Navi gati on i nt ercept 3.337 0. 769 4,338 7.332
20




Seamanshi p i ntercept 3.122 0. 696 4,482 6. 852
Strike Varfare i nt ercept 1.596 1. 065 1.499 5 121
repairs. 2M 0. 507 0.571 0. 888
Surface Warf. i ntercept 2. 760 0. 592 4. 663 6. 794
Under sea i ntercept 1.612 0.701 2.298
Viarfare DUI 3126 o2.845| 1.008| O
i ntercept 6. 774 4. 030 1. 680
Visit, Board, SSEW 0. 082 0. 041 1.975
Search and E5. adv -0.196 0. 107 -1.827 6. 305
Sei zure FPFT 0.095| 0.058| 1.623
ZoneB. reen -0. 061 0. 041 -1.480
For ce i ntercept -235.29 | 455. 251 -0.516
Mal ntenance | grug. test 4.381| 9.289| 0.471| 0.003
Managenent gross. ef fect 2.163 4.829 0. 448
I nt er cept 0. 593 0.412 1. 440
Total DUI 1.009| o0.782| 1,200 9-°0%
Tabl e 4. Logit Regression Results for the Response
Vari abl es

Resi dual deviance is the neasure of fit used in logit
regression, which gets smaller as the nodel fits better to
t he dat a.

Eleven out of 20 nodels built Dby wusing logit
regression included only the intercept in the predictor
set, which indicates that, in those cases, the COMVET
predictions were not helpful for estinmating the response
vari ables. The neans of those response variables (the
proportions of positive responses) which had only the
intercept in the nodel were the best predictors by which to
estimate those variables (B, equals the nmean of Y when
X = 0). Since the proportions were transfornmed by the logit
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function, the neans of these response variables are
esti mat ed by:

y:ﬁ (2. 10)

The reasons that the COVET predictions were not

hel pful for estimating the response variables are the |ack
of data on a large nunber of ships and apparent
unrel atedness of COMET netrics to FEP assessnents. The
criteria assessed at FEP are very specific, which as a
result may not reflect ships’ performances on these m ssion
and warfare areas. Mst of the assessnents vary between 0.7
and 1.0. Additionally, there are sone mssion and warfare
areas for which all of the certifications were net by all
ships. Wthout having variation in the assessnents, it is
i npossible to build nodels to estimate ships’ performances

for these m ssion and warfare areas.

The effects of the predictors on the response
vari abl es can be best examned by |ooking at conditiona
effect plots. Conditional effect plots are built by
plotting one predictor versus response variable while
holding the other predictors at their nmean values. These
pl ots show how a change in the value of a predictor affects
the response variable. A linear relationship between
predictors and logits I(x) i nmplies a curvilinear
relationship between predictors and response variables

(proportion of certifications net).

Figure 4 is the conditional effect plot of Percentage
of Eligible E4 Advancenents versus Proportion of
Certifications Met for Aviation M ssion Area.
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According to the conditional effect plot, the nore
eligible E-4 advancenents a ship has, the snmaller is the
expected proportion of certifications nmet for the aviation

m SSi on ar ea.
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Fi gure 4. Conditional Effect Plot of %Eligible E-4

Advancenents vs. Proportion of Certifications Met for
Avi ation M ssion Area

The Proportion Met For the Aviation Mssion Area goes
down nost steeply when percentage of advancenents varies
between 70 and 100. However, having eligible E-4
advancenents mneans having nore qualified E-3 personnel.
Common intuition says that, this would have a positive
effect on the Aviation mssion area, which as a result,
woul d increase the certifications net for this area.

The Anti-Terrorism Force Protection Mssion Area was
nodel ed by % of Open 2Ks O der than 3 Mnths with Type

Avai lability 4, Mean Total Time to Correct, % of Eligible
23



E-4 Advancenents and Net Effectiveness. Figures 5, 6, 7, 8
and 9 are the conditional effect plots of these predictor
vari abl es versus the Proportion of Certifications Mt For

the Anti-Terrorisnf Force Protection M ssion Area.

S o
g |
3
g
5 @]
- O
e
z

© ]
a o
g
= <]
8 o
5
o
& o

o T T T T T T

0 20 40 60 80 100
% of Qpen 2Ks A der than 3 Months with Type Availability 4
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Ar ea
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The coefficients of these predictors are negative,
nmeani ng that high values of these predictors are associated
with | ow values of the response variable, neaning that, the
nmore % of Qpen 2Ks dder than 3 Mnths wth Type
Availability 4, Mean Total Tinme to Correct, % of Eligible
E-4 Advancenents and Net Effectiveness a ship has, the
smal l er the proportion of certifications expected to be net

for Anti/ Terror Force Protection Mssion Area. s

The conditional effect plot of Dental Readiness % is
steeper wthin the range (80,100). This neans snall
increases in this predictor variable wthin these ranges
are associated with big changes in the Proportion Mt For
Anti-Terror/Force Protection Mssion Area.

Medical certification criterion was nodeled by the
Dental Health % Figure 10 is the conditional effect plot
of Dental Health % versus Proportion of Certifications Met
For Medical M ssion Area.
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The coefficient of this predictor is -1.017, which
means high Dental Health % values are associated with a | ow
proportion value for the Medical mssion area. This nodel
is a good exanple of how the predictor set and response
variables are not related. According to COVNAVSURFORI NST
3502. 1A (2003) there are no requirenents in the Medical
m ssion area regarding the Dental Health % Therefore, a
rel ati onship between Medical Mssion Area and Dental Health

% i s not reasonabl e.

Figure 11 is the conditional effect plot of Goss
Ef f ecti veness % versus Proportion of Certifications Mt For
Intelligence Mssion Area.

Met For Intelligence
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Proportion of Cert.
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Figure 11. Condi tional Effect Plot of Goss Effectiveness

vs. Proportion of Certifications Met for Intelligence
M ssion Area
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This conditional plot suggests that the better the
gross effectiveness a ship has, the smaller the nunber of

Intelligence certifications expected to be net.

The Strike Warfare certification criterion was nodel ed
by Nunber of Repairs 2M Figure 12 is the conditional
effect plot of Nunmber of Repairs 2M versus Proportion of
Certifications Met For the Strike Warfare Area.
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Figure 12. Condi tional Effect Plot of Nunber of Repairs 2M

vs. Proportion of Certifications Met for Strike Warfare
Certification Criteria

Nunber of Repairs 2M had a positive coefficient in the
nodel . The conditional effect plot also reveals that a high
values of the Nunmber of Repairs 2M are associated with a
high proportion for the Strike warfare area. Thi s
rel ati onship appears to be nore strong within the range of
(0, 10) repairs. After having nmade 10 repairs, nore repairs
made wi Il not have a big effect on the proportion.

29



Undersea warfare area nodel was nodeled by the DU .
Figure 13 is the conditional effect plot of DU versus

Proportion of Certifications Met For Undersea Warfare Area.
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Fi gure 13. Condi tional Effect Plot of % DU vs. Proportion
of Certifications Met for Undersea Warfare Certification
Criteria

Condi tional effect plot suggests that high values of
the % of DU are associated with a high proportion for
Undersea warfare area. However, estinmating Undersea warfare
performance with % of DU is not a reasonable approach
because there is no requirement in the Undersea warfare
area regarding the % of DU (COWAVSURFORI NST 3502. 1A,
2003, p. 2-4-S-1).

Visit, Board, Search and Seizure mission area was
nodel ed by % of SSEW Billets Conplete, % of Eligible E-5
Advancenents, % FPFT Billets Conplete and Reenlistnment %
Zone B. Figures 14, 15, 16 and 17 are conditional effect

pl ots of these predictor variabl es.
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Among the predictors, % of Eligible E-5 Advancenents
and Reenlistnment % Zone B have negative coefficients while
% of SSEWBIi|lets Conplete and % FPFT Bill ets Conpl ete have
positive coefficients. Therefore, high values of the % of
Eligible E-5 Advancenents or the Reenlistnment % Zone B are
associated with a low proportion for Visit, Board, Search
and Seizure mssion area, while high proportion for Visit,
Board, Search and Seizure mission area iSs associated wth

hi gh val ues of the latter two.

The conditional effect <curves of % SSEW Billets
Compl ete, % FPFT Billets Conplete and Reenlistnment % Zone B
are not steep, which suggest that big increases in the
values of % SSEW Billets Conplete, % FPFT Billets Conplete
and Reenlistnment % Zone B change are associated with small
decreases in the proportion net for Visit, Board, Search
and Seizure Mssion Area. However, the conditional effect
curve of % Eligible E-5 Advancenents is mnuch steeper,
especially within the ranges (40,80). Therefore, a small
decrease in the % Eligible E-5 Advancenents wthin this
range is associated with a big increase in the Proportion

Met for Visit, Board, Search and Sei zure M ssi on Area.

Force Mai ntenance and Material Managenent m ssion area
was nodel ed by Commander Naval Surface Forces (CNSF) Drug
Testing Standard Unit Performance and Gross Effectiveness.

Condi tional effect plots of these variables are as foll ows:
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Both of these variables have positive coefficients,
whi ch nmean high values of these variables are associated
with high proportion for Force Miintenance and Materi al
Managenent m ssion area. The curves are nuch steeper within
ranges (23,24) for Drug Testing Unit Performance and within
ranges (53,57) for Goss Effectiveness, neaning that snal
increases wthin these ranges are associated wth big
increases in the Proportion of Certifications Met For Force
Mai nt enance and Material Mnagenent Mssion Area. On the
other hand there are only 13 observations for this mssion
area; therefore, a small sanple size like this may not
yield reasonable inferences. Both conditional effect plots
show a signoidal shape. The reason for this is that there
are only two values in the response variable: 1.0 and 0.O0.

The proportion of total nunber of certifications net
for all warfare and m ssion areas represents ships’ total
performance at FEP. This response variable was nodel ed by
DU . Figure 29 is the conditional effect plot of % of DU

versus Proportion of Total Number of Certifications Met.

1.0

0.9
I

0.7

Pro. of Total Number of Cert. Met
0.6
|

0.5

T T T
0.0 0.5 1.0 1.5 2.0

% of DUl

Fi gure 20. Condi tional Effect Plot of % of DU vs.
Proportion of Total Number of Certifications Mt

35



The fact t hat Proportion  of Tot al Nunber of
Certifications Met was nodeled by DU only is also a good

indication of anonmlies in the data. None of the mi ssion

ar eas i ncl udes a criterion regar di ng t he DUI
( COWNAVSURFORI NST, 2003, pp. 2-4-A-1 - 2-4-U-4).
Additionally, % DU varies between (0,2), which is a very
small interval indicating that variation in this netric is
very small. This nodel, like sonme other nodels, does not

provi de a reasonabl e estimati ng techni que.

C. | NFLUENCE ANALYSI S

A case is influential if its deletion substantially
changes the regression results. Influential cases are not
necessarily outliers, influence results from a particular

conbi nati on of values on all variables in the regression. In
order to find the influential cases, the AB statistic which
measures the standardized change in estimted paraneters

() that result from deleting all cases with the jth X

pattern was considered. AB, can be expressed as follows:

2
2
DB, = (zrj—hj)z (2.11)

J

where h, is the leverage of the jth case and r is the

Pearson residual. A large value of AB, indicates that the

jth pattern exerts substantial influence. According to

Ham I ton (1992, p.236), case j is influential if AB >/,

Plots of AB of m ssion and warfare areas were exam ned
to detect influential <cases. Two nodels wth highly

influential cases were found in the data. Having a AB val ue
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of 5.52, USS PEARL HARBOR was the nost influential case in

the Medical mssion area nodel. A graph of AB is shown in

Fi gure 21.
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Figure 21. I nfl uence Statistic AB vs. Ships for Medical

M ssi on Area

The USS PEARL HARBCOR was the nost influential case in
the Medical mssion area because she is the only ship
having a proportion other than 1.0 (her value is 0.67). The
rest of the ships have a nedical proportion of 1.0.
Therefore, deleting her from the nodel makes the nodel
invalid and mneking predictions inpossible because in that
case all of the proportions for this mssion area would be
1.0.

The other influential case was the USS LAKE ERIE in
the Force Maintenance and Material Mnagenent m ssion area
nodel . It had a AB statistic of 6.574. Figure 22 represents
the influence diagnostic graph for the Force Mintenance
and Material Managenent m ssion area.
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Fi gure 22. I nfluence Statistic AB vs. Ships for Force
Mai nt enance and Material Managenent M ssion Area

There are 13 observations for this mssion area and
two proportions are achieved by ships: 0.0 and 1.0. Plot of

t hese val ues on two predictor axes is as follows:

USS LAKE CHAMPLAI N

75
|

Gross- Ef fecti veness

60
|

0 g USS LAKE ER E

55
|

T T T T
20 25 30 35

Drug Testing Unit Performance

Fi gure 23. Force Mai ntenance and Material Managenent Val ues
on Predictor Axis
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Thi s diagnostic graph suggests that Force Mintenance
and Material Managenent mnmission area could have been
nodel ed with G oss Effectiveness only if the data had not
included the USS LAKE ERIE in this mission area. Then it
woul d have been possible to suggest that a ship whose G oss
Ef fectiveness value is nore than 59 is likely to achieve
1.0 effectiveness proportion for Force Maintenance and
Mat eri al Managenent m ssion area at FEP

Simlarly, wthout having the USS LAKE CHAMPLAIN in
dat a, it would have been possible to nodel For ce
Mai nt enance and Material Managenent mssion area only wth
Drug Testing Unit Performance. This would have yielded a
conclusion that a ship whose Drug Testing Unit Performance
is greater than 24.5 is likely to achieve a 1.0 proportion
for the Force Maintenance and Material Managenent m ssion
area at FEP.

There are two reasons for having these influential
cases. One of themis that there are not enough data points
to make strong inferences about the nodels and cases. Wen
the nunber of data points increases, the influential cases
tend to have less influence on the nodel due to variation
The other reason is that proportions net for nost of the
m ssion and warfare areas tend to be close to 1.0. As a
result, a ship having a smaller proportion for a mission
and warfare area conpared to other ships rmakes a

substantial influence on the nodel.
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V. SUMVARY, LI M TATI ONS AND RECOMMENDATI ONS

The purpose of this thesis was to estinate |DIC
performances of the US Pacific Fleet surface ships, which
are evaluated at the end of the Basic Training Phase, by
using the COMET netrics. Proportions of certifications net
for each mission and warfare area were used as indicators
of performances of ships at FEP. Therefore, in the
analysis, these were the response variables which were
intended to be nobdeled by wusing regression nodels. The
metrics in the COMVET data base were used as independent
variables by which to estimate the response vari ables.
Since the response variables are bounded in [0,1], logistic
regression was used to build nodels. In order to determ ne
which predictor variables were strong estimators of the
response variables, stepwise regression techniques were
utilized. The AIC was wused to determ ne independent
vari ables and two-way interactions to be added and del et ed.
Having developed the nodels, influence analysis was
perfornmed and di agnostics were checked.

El even out of 20 nodels built by using multivariate
| ogistic regression nodel included only the intercept in
the predictor set. The other nine nodels included at nost
four independent variables as predictors for the response
vari ables. Considering that the data set included 44
i ndependent vari abl es, it can be concluded that, in
general, COMVET netrics are not helpful to estimte FEP
per f or mances of shi ps.

The data consist of 44 nmetrics from the COVET data
base and 22 assessnents from the FEP (21 for mssion and

warfare areas, one for proportion of total nunber of
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certifications net for all mssion and warfare areas) for
51 ships. The nunber of ships in the data was sufficient
enough to perform the analysis; however, data for nore
ships mght yield nore reasonabl e answers.

Each warfare and mssion area has criteria that nust
be met by ships in order to be qualified in that area. Sone
areas do not apply to all <classes of ships based on
m ssion. The Diving and Sal vage m ssion area could not be
nodel ed because this area was added to the new version of
the Training Manual (COVWAVSURFORI NST 3502.1A, 2003) which
was effective on 07 April 2003, and data for this area was
not available due to the lack of ARS type of ships having
undergone FEP up to the tine of the analysis. Additionally,
there were only two ships to which the Mne Warfare m ssion
area applied. Due to the lack of data for this area, this
area could not be nodeled as well.

According to COVWNAVSURFORI NST 3502.1A (2003), al nost
al | of the mssion and warfare areas have, as a
certification requirenent, that all relevant personnel
conplete (or have a plan for conpletion of) schooling
required for that area. However, none of the nodels
included FPFT (% Force Protection Fundanentals Training
Billets Conplete) and |IBFT (Integrated Battle Force
Trai ning % Conplete) as predictors. Normally, these netrics
woul d be expected to be in the predictor sets of nost of
t he nodel s.

Even if sonme of the predictor variables seem to be
irrelevant for a mssion and warfare area or the mssion
and warfare area does not have a requirenent regarding
these kinds of predictors, sone of the areas were nodel ed
by these irrelevant predictor variables. The reason for

this is that the requirenents for mssion and warfare areas
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are very specific, which as a result nmay not reflect a
ship’s performance for that area.

Most of the assessments for mssion and warfare areas
tend to range fromO0.7 to 1.0. Additionally, there are sone
mssion and warfare areas for which all of t he
certifications are net by all ships. Therefore, nost of the
response variables’ nmeans are very high; sone are even 1.0.
Wthout having wvariation in the assessnents, it is
i mpossible to build nodels to estinmate ships’ performances
for these m ssion and warfare areas.

In the future, this kind of an analysis can be
performed by using the COVET database and using sone other
MOP (Measure O Performance). Also including US Atlantic
Fleet Surface ships wll increase the size of the data,
which would help the analysis. The biggest challenge in
this analysis is to find the best MOP by which to represent
ships’ | DIC performances. The assessnents based on grades
in those mssion and warfare areas would be the best MOP to
estimate and to build nodels.
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APPENDI X A.

| NDEPENDENT VARI ABLES

VARI ABLE NAME

VARI ABLE

DESCRI PTI ON

DLR oblig Current FY DLR | The percentage that Depot Leve
% bl i gation Repairabl e (DLR) carcass charges (the
charge for not returning the broken unit
to the repair facility) conprise of the
total DLR obligations (noney spent) for a
gi ven Fiscal Year (FY)
DUI % DUl ' s Aver age percentage of ship's crew that
wer e adj udged a Driving Under |nfluence
(DU') over the last four quarters.
E4. adv % of Eligible The percentage of rank E-3 crew eligible
E-4 to advance to rank E-4.
Advancenent s
E5. LTC. conp E-5 LTC The percentage of rank E-5 crew conpl et ed
Conpl eti on Leader shi p Trai ni ng Course.
E5. adv % of Eligible The percentage of rank E-4 crew eligible
E-5 to advance to rank E-5.
Advancenent s
E6. LTC. conp E-6 LTC The percentage of rank E-6 crew conpl eted
Conpl eti on Leader shi p Trai ni ng Course.
E6. adv % of Eligible The percentage of rank E-5 crew eligible
E-6 to advance to rank E-6.
Advancenent s
E7. LTC. conp E-7 LTC The percentage of rank E-7 crew conpl eted
Conpl eti on Leader ship Trai ning Course.
E7. adv % of Eligible The percentage of rank E-6 crew eligible
E-7 to advance to rank E-7.
Advancenent s
ESWS % ESWS The percentage of Enlisted Surface
Qualified Warfare Specialist (ESWB) recipients
Sai l ors anong all the sailors that are required
to be qualified
FPFT % FPFT Billets | The percentage of all Force Protection
Conpl et e Fundanental s Trai ning (FPFT) requirenments
conpl eted. Each ship class has different
requirenent for this training
| BFT | BFT % Conpl ete | The percentage of all Integrated Battle
Force Training (IBFT) requirenents
conpl et ed.
OP. factor Op Factor Operational Factor. Represents a ship’s

operation tenpo or underway tine. Big
val ues of Cperational Factor are
associated with | ong underway tines.
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SSEW

% SSEWBIi | | ets
Conpl et e

The percentage of all Shipboard Security
Engagenent Weapons (SSEW Tr ai ni ng

requi renents conpl eted. Each ship class
has different requirement for this

trai ni ng.

TA. 4.3

T/ A 4>3 Mont hs

The percentage of open 2Ks ol der than 3
nmonths with type availability 4. 2K is a
mai nt enance form generated when a

di screpancy is observed onboard a ship.
Type availability 4 refers to the

mai nt enance perforned by the ship’s crew

Uri.sweep

# of Urinalysis
Sweep

Unit sweeps include drug testing of all
personnel assigned to the command. The
urinalysis data is a rolling 12-nonth

wi ndow for the period June 2002- May 2003.
This is the total sanples divided by the
Current On Board (COB). For each nultiple
of 70%the ship gets credit for 1 unit
sweep.

ZoneA. att

Attrition %
Zone A

The percentage of attrition in Zone A
Zone Arefers to sailors with 0 to 6
years of active service.

ZoneA. reen

Reenli stnment %
Zone A

The percentage of reenlistrment in Zone A
Zone Arefers to sailors with O to 6
years of active service.

ZoneB. reen

Reenlistnment %
Zone B

The percentage of reenlistnment in Zone B.
Zone B refers to sailors with 7 to 10
years of active service.

ZoneC. reen

Reenl i stment %
Zone C

The percentage of reenlistnment in Zone C
Zone Crefers to sailors with 11 to 14
years of active service.

Backl og

Backl og

The nunber of deferred failures in a
shi p’s Consol i dated Ships M nt enance
Proj ect (CSWMP).

formcour.req

# of Unfilled

Number of unfilled school quotas required

Formal Course by the Surface Training Manual
Requi rement s

comcal .read | Conbat The percentage of shi pboard
Calibration general / speci al purpose el ectronic test
Readi ness equi prent current in regards to their

calibration periodicity.

com pack # of The nunber of conm ssioning packages
Conmi ssi oni ng submitted during the current fiscal year
Packages

conp. col . cour | % of Crew Total nunber of college courses conpleted
Conpl eti ng in fiscal year 2003.

Col | ege Courses
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cost. avo. 2M 2M Cost Total cost avoided by repairing 2M
Avoi dance (Mniature/ Mcromniature) parts onboard
the ship in a quarter
dental . health | Dental Health %] The percentage of the crew having Cass 1
dental status. Personnel with a dental
status of either Cass 1 or 2 have
m ni mal dental disease conditions and are
consi dered ready for depl oynents where
dental support may not be avail abl e.
dental . read gentgl The percentage of the crewwith a Cass 1
eadi ness % ,
or 2 dental status. Personnel with a
dental status of either Class 1 or 2 have
m ni mal dental disease conditions and are
consi dered ready for depl oynents where
dental support may not be avail abl e.
drug. t est Commander Naval | Total nunber of urinalysis sweeps divided
Sur f ace Forces by the COB for each nonth. This is
(CNSF) Drug total ed and divided by 12 to determ ne
Testing the rolling 12 nonth average for the

St andard Unit
Per f or mance

peri od June 2002- May 2003.

eng. cal . read

Engi neeri ng

The percentage of shipboard engi neering

Calibration gages, neters, and associated Shipboard
Readi ness Gage Calibration Program (SGCP) equi pnent
current regards to their calibration
periodicity.
fail.col.cour | % of Crew The total number of college course

Failing Colleg
Cour ses

e

failures for all the Navy Col | ege Program
for Afloat College Educati on ( NCPACE)

of fered courses on the ship in fisca

year 2003

for. | MA cost

Ship Force and
I MA Costs

18 nonth average of the total

I nternedi ate Mai ntenance Activity (1M
man- hours tines the | MA | abor rate plus
the Total Replacenent Cost of all repair
parts ordered. IMAis a nmilitary

organi zati on specializes in the repair of
certain pieces of equipnent.

gendet s

# Cener al
Detail Sailors
(GENDETS) to
A- School

The nunber of undesi gnated per manent
ship’s crew sent to an A-School. A-Schoo
Core courses include general know edge
and skills training for the particul ar
rati ng, while A-School Strand courses
focus on the nore specialized training
requirenents for that rating and a
specific aircraft or equi pnment, based on
the student’s fleet activity destination

gross. ef fect

G oss
Ef f ecti veness

%

| ssue percentage of repair parts from
stock base on total denmands. The | ow
gross effectiveness neans that the range
of stock is insufficient.
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Conp. col . cour

% of Crew
Conpl eti ng
Col | ege Cour ses

Total nunber of NCPACE delivered college
courses conpleted in fiscal year 2003.

mai nt. netric

Mai nt enance
Metric

This metric is calculated by suming Sel f
Sufficiency Ratio, Mean Total Tine to
Correct Ratio, Ships Force and | MA Costs
Rati o, Backlog Ratio, and T/ A 4>6 Months
metric and then dividing this value by 5.
Nunmber is scal ed between 0 and 2. High
val ues of this nmetric are desired.

mast . cases

% Mast Cases

Aver age percentage of the ship's crew
that recei ved Non-Judicial Punishnent
(NJP) over the last four quarters.

net . ef f ect

Net
Ef fecti veness %

| ssue percentage of repair parts from
stock. The | ow net effectiveness neans
the depth of stock is insufficient.

random conp

Mont hl y Random
Conpl i ance

Urinalysis Sweep of randomy sel ected
personnel on board. This is the total
nunber of sanples divided by COB for the
nost recent nonth. If this is greater
than CNSF standard of 20% then the ship
is in conpliance.

repairs. 2M # of Repairs 2M| Total nunber of 2M parts repaired onboard
the ship in a quarter.
sel f.suff Sel f 18 nonth average of Status 2 and 3
Suf fici ency failures corrected by ship’s force
di vided by the total nunber of Status 2
and 3 failures corrected by ship's force.
Status 2 failure is one that results in
t he equi pnent being i noperable. Status 3
failure is one that results in the
degradation of the equipnments capability.
SWO % SWO Qual ified | The percentage of Surface Warfare O ficer
Oficers (SWD qualified officers anong all the
officers required to be SWD qualified.
MITT Mean Total Tine |18 nonth average of cal endar days between
to Correct di scovery of the failure and the
completion of the 2K. 2K is a nai ntenance
form generated when a discrepancy is
observed onboard a ship.
wei g. mai n. net | Wi ght ed Mai nt enance nmetric multiplied by the O
Mai nt enance Fact or.
Metric

Tabl e 5.

| ndependent Vari abl es and Descri ptions

48




LI ST OF REFERENCES

Hamilton, L.C., Regression with Gaphics, 1% ed., Duxbury
Press, 1992.

"Surface Force Training Manual" COVWAVSURFORI NST 3502. 1A,
subnmitted by Commander, Naval Surface Force, 2003.

The Conmmand Metrics ( COVET) Dat a Base,
[http://extra.cnsp.navy.m|], Septenber 2003.

Venable, WN. and Ripley, B.D., Mdern Applied Statistics
with S-Plus, 4'" ed., Springer, 2002.

49



TH'S PAGE | NTENTI ONALLY LEFT BLANK

50



| NI TI AL DI STRI BUTI ON LI ST

Dudl ey Knox Library
Naval Postgraduate School
Mont erey, CA

Prof essor Sanmuel E. Buttrey
Departnent of Operations Research
Naval Postgraduate School

Mont erey, CA

Prof essor Robert A. Koyak

Depart ment of Operations Research
Naval Post graduate School

Mont erey, CA

LTIJG W Enni s Parker

Assi stant Flag Secretary

Commander, Naval Surface Force, U S. Pacific Fleet
San Di ego, CA

John R O Donnel |
Afl oat Training Goup Pacific
San Di ego, CA

LTJG Levent Eriskin
Deni z Kuvvetl eri Konutanli gi
Personel Baskanli gi
Bakanl i kl ar, Ankara, Turkey

51



